Abstract. XANES spectra of non structural protein 3 (NS3) have been calculated using 4 Zn coordination models from three crystallographic structures in the Protein Data Base (PDB): 1DY9, subunit B, 1CU1 subunit A and B, and 1JXP subunit B. Results indicate that XANES is an appropriate tool to distinguish among them. Experimental XANES spectra have been simulated refining crystallographic data. The model obtained by XAS is compared with the PDB models.
INTRODUCTION
Hepatitis C virus (HCV) is a major cause of acute hepatitis and chronic liver diseases which could lead to cirrhosis, hepatocellular carcinoma, and, ultimately, liver failure. When antiviral therapy fails in HCV infection the only option for the individual is liver replacement [1] .
The structural characterization of viral proteins could contribute to determine a strategy for identifying novel anti-HCV therapeutics.
The nonstructural protein 3 (NS3) protease is essential for viral replication as it is necessary for the processing of the nonstructural region of the viral polyprotein.
The NS3 protease of hepatitis C virus is a wellcharacterized protein which can be used as target for next-generation HCV therapy. An example of a novel therapeutic strategy is the use of deoxyribozymes, also known as DNA enzymes or DNAzymes [2] .
Up to now, several Zn proteins of the NS3 family, belonging to different strains, have been determined by crystallography [3, 4, 5] . Zn ligands in these crystallographic models have been identified as being three sulphur atoms (from cystein residues) and, in two of these, one oxygen (water molecule).
MATERIAL AND METHODS
We have recorded at DCI (Lure, Orsay) XAS (EXAFS and XANES) spectra of a NS3, j-strain, purified by the same laboratory (IRBM "P. Angeletti" Pomezia, Italy) having performed crystallography. XANES spectra have been simulated using the MXAN program [6] refining the crystallography-based structure.
Crystallographic data model from PDB have been analysed using the CCP4 suite programs.
RESULTS AND DISCUSSION
The average Zn-S distance obtained by crystallographic determinations for j-strain NS3 protein is considerably longer than expected for inorganic and protein complexes. XAS and crystallography determinations of many Zn binding proteins indicate that a zinc-sulphur distance is frequently around 2.3 Å [7, 8] .
The value reported in Table 1 for NS3 proteins varies in a range of 2.37-2.71 Å despite having the same zinc environment and the medium resolution of crystallographic data. In particular, the Zn-S average distance is 2.55 Å at 2.2 Å resolution [5] , 2.71 Å at 2.1 Å resolution [3] and 2.37 and 2.41 Å, respectively, for chain A and chain B at 2.5 Å resolution [4] .
In order to characterize the Zn site, we have performed XANES calculation.
In a first step, we have calculated theoretical XANES spectra using the three crystallographic models (1DY9, subunit B, 1CU1 subunit A and B).
Theoretical XANES calculated using coordinates from the 1DY9 model is far from reproducing the experimental features. The results are shown in Figure  1 and indicate the high sensitivity of XANES to distinguish among different models.
In a second step, we have refined crystallographic models, obtaining values which are similar to those expected from literature for small molecules. XANES calculations have been performed simulating the Zn environment with 24 surrounding atoms. The positions of three cysteines coordinating Zn by sulphur atoms, and two water molecules has been refined. It is important to note that the residue in the fitting of XANES data is one order of magnitude higher when the initial model corresponding to 1DY9 coordinates than when 1CU1 coordinates are used. This indicates that in 1DY9, the Zn-S distances are too long. The residue obtained, fitting XANES in a 120 eV energy domain, is 2.399. This value is quite low; however, fitting of experimental data in the EXAFS region is not sufficiently precise. This could imply an error higher than 0.02 Å which should be expected. In order to further refine the Zn-S distance, EXAFS analysis should be used.
The distances obtained from XANES are considerably shorter than those of the 1DY9 and 1JXP models but in good agreement with subunit A of 1CU1 model (Table 1) .
It is important to note that NS3 proteins in 1DY9 and 1CU1 belong to different strains (j and 1b/BK). Moreover their overall structure as well as the number of residues for each chain are considerably different (187 and 645, respectively). Nevertheless, the threedimensional structure of the B domain (residues 1003-1175) of 1CU1 is very similar to the B chain of 1DY9 (residues 1-175). In particular, the Zn atom is coordinated by the same residues.
The difference (0.3-0.4 Å) between distances from XANES and X-ray diffraction (1DY9) cannot be ascribed to the resolution of crystallographic data. In Table 1 are shown Zn-S distances for 3 NS3 proteins with the same Zn environment determined at medium resolution.
The different values can be explained by the high disorder of Zn environment in the 1DY9 structure: cysteins 97 and 99, which complex Zn, belong to an amino acid sequence at the surface of the protein that has a high mobility. In 1DY9 Zn environment, temperature factors (Tf) of 97-100 residues vary between 50 and 70. In particular Cys 99, for which a very long Zn-S distance is indicated, has temperature factors of 60-70.
In contrast, temperature factors of 1CU1 in the same molecule region are lower (Tf = 21-34) allowing a better definition of atom position and therefore a better agreement with XANES spectroscopy.
The metal, which is usually well defined by X-ray diffraction due to a large number of electrons, has a temperature factor of 81 in 1DY9 and 38 in 1CU1. In conclusion, this work shows the usefulness of Xray absorption spectroscopy for the structural determination of protein regions which are difficult to describe by X-ray diffraction. In the present case, the limiting factor is not the low resolution of crystallographic data but the high disorder of the considered protein region.
